Abstract. Determined in this work are analytical interrelations between orientations of optical axes and birefringence of biological crystals and characteristic values of Jonesmatrix elements corresponding to flat layers of polycrystalline networks, which set the conditions providing formation of polarization singularities in laser images. Performed is the complex statistical, correlation and fractal analysis of distributions for the amount of characteristic values inherent to Jones-matrix elements corresponding to bile layers of healthy and sick patients. Also, offered are the objective criteria for differentiation of optical properties typical to polycrystalline networks of human bile in different physiological states, and realized is the Jones-matrix diagnostics of cholelithiasis.
Introduction
Among the methods for optical diagnostics of biological layers, widely spread are those of laser polarimetric diagnostics aimed at optical-anisotropic structure inherent to human tissues [1 -31] . The main "information product" of these methods is obtaining the coordinate distributions for elements of Mueller and Jones matrixes corresponding to biological tissues (BT) [1 -5] with the following statistical (statistical moments of the first to fourth orders [5, 6, 10, 14, 19, 25, 26, 30] ), correlation (auto-and mutual-correlation functions [12, 17, 18, 21, 26] ), fractal (fractal dimensionalities [5, 6, 25] ), singular (distributions of amounts of linear and circularly polarized states), wavelet (sets of wavelet coefficients for various scales of biological crystals [22, 28] ) analyses. As a result, one can determine interrelations between a set of these parameters and distributions of optical axis directions as well as the birefringence value inherent to networks of optically uniaxial protein (myosin, collagen, elastin, etc.) fibrils in optically-anisotropic component of BT layer. Being based on this approach, a large amount of methods for diagnostics and differentiation of pathological changes in BT structure that are related with their degenerativedystrophic as well as oncological changes [4 -6, 12, 19, 20-22, 27, 29, 31] .
The above methods of studying the matrix images of biological layers have been currently developed using the new approach based on the analysis of coordinate distributions for the so-called characteristic values that describes conditions for formation of polarization singularities [5] . The latter are pronounced as linearly ( − L − points) and circular ( C points) polarized states. In the case of − L points, the direction of electric field vector rotation is indeterminate. While for − C points, indeterminate is the azimuth of electric field vector polarization. Demonstrated in […] is the efficiency of this approach for Mueller-matrix diagnostics of pathological states observed for human biological tissues. At the same time, there is a widely spread group of opticallyanisotropic biological objects that are not comprised yet by the matrix methods of laser polarimetric diagnostics. One can relate to these objects optically-thin (extinction coefficient 1 . 0 ≤ τ ) layers of diverse biological liquids (bile, urine, liquor, synovial liquid, blood plasma, saliva, etc.) . These objects are considerably more accessible for direct laboratory analyses as compared with traumatic methods of biological tissue biopsy. Being based on that, ilities for diagn
Main analytical relations
Our modeling the optical properties of polycrystalline micel ase consistin lline -solid crystalline phase that is form for studying the optical properties of poly are optic partial crystal is exha iv diagnostics to studying the optically-anisotropic structures in polycrystalline networks of biological tissues.
Our work is aimed at searching the possib ostics and differentiation of optical properties inherent to polycrystalline networks of human bile by determining the coordinate distributions of Jones-matrix elements with the following statistical, correlation and fractal analyses of distributions typical for their characteristic (singular) values for diagnostics of cholelithiasis in its latent period.
networks observed in human bile is based on the following conceptions developed for optically-anisotropic protein fibrils [1-4, 7, 9, 14, 16, 23-27, 30] . From the optical viewpoint, bile is a multi-component phaseinhomogeneous liquid consisting of three main fractions:
• optically isotropic -optically homogeneous lar solution with a small amount of cylindrical epithelium cells, leukocytes, leukocytoids, phlegm;
• optically anisotropic -liquid-crystalline ph g of a set comprising liquid crystals of three types, namely: needle-like crystals of fat acids, crystals of cholesterol monohydrate, and those of calcium bilirubinate;
• crysta ed due to dendrite and disclination mechanisms of crystallization.
As a base crystalline networks corresponding to these main fractions, we took the following conceptions developed for optically-anisotropic biological liquids […….]:
• separate (partial) biological crystals ally uniaxial and birefringent;
• optical properties of a ust ely full described with the Fig. 1 is the optical scheme of a p r measuring the coordinate distributions fo Fig. 1 . Optical scheme of the polarimeter: 1 -He-Ne laser; 2 -collimator; 3 -stationary quarter-wave plate; 5, 8 -mechanically movable quarter-wave plates; 4, 9 -polarizer and analyzer, respectively; 6 -object of inves ation; 7 -microbjective; 10 -CCD camera; 11 -personal computer. Illumination of bile samples was performed us Illumination of bile samples was performed us uarter-wave plates 3, 5 and polarizer 4, which provides formation of the laser beam with an arbitrary polarization state. Using the micro-objective 7 (magnification 4x), images of bile layers were projected onto the plane of light-sensitive area (800x600 pixels) of the CCD-camera 10 that provided the range for measuring the structural elements from 2 to 2000 µm. The analysis of laser images was carried out using the polarizer 9 and quarter-wave plate 8.
Shown in
In our experiments, distributions of characteristic values for Jones-matrix images of bile layers were determined in the following manner.
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In our experiments, distributions of characteristic values for Jones-matrix images of bile layers were determined in the following manner. To make this comparative analysis of dependences more objective, let us tion of spectral mome ts from the
Jones-matrix diffe
As investigated objects, we used smears of bile taken ithiasis tropic structures corresponding to samples of both types, which s indicative of a higher level in birefringence he relation (7). -t rentiation of polarization properties inherent to the optically anisotropic component of bile for healthy and sick patients from healthy (18 samples) and sick with cholel (17 samples) patients. Fig. 2 shows laser images of optically aniso were obtained in the case of crossed transmission planes of the polarizer 4 and analyzer 9 in the laser polarimeter (Fig. 1) .
As follows from the comparative analysis of laser images inherent to bile smears of both types, geometric structures of optically anisotropic clusters are similar. hom n crystalline networks of healthy (Fig. 3) and sick (Fig. 4) From the quantitative viewpoint, statistical, correlation and self-similar structures of distributions for the amount of characteristic values in Jones-matrix images J 12;21 (m×n) corresponding to bile smears of both types (Fig. 1) are illustrated by the set of moments from e 1-st to 4-th orders, magnitudes and change ranges of hich have been summarized in Table 1 .
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